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FIG. 5
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ApoAl EXCHANGE RATE ASSAYS IN
SERUM

The present application claims priority to U.S. Provisional
application Ser. No. 62/682,628, filed Jun. 8, 2018, which 1s

herein incorporated by references in 1ts entirety.

STATEMENT REGARDING FEDERAL
FUNDING

This invention was made with government support under
grant number RO1 HL128268 awarded by the National
Institutes of Health. The government has certain rights 1n the
invention.

FIELD

Provided herein are compositions, systems, kits, and
methods for performing an apoAl exchange assay to deter-
mine the risk of MACE and/or for conducting an action
based on the assay results. In some embodiments, methods
are provided for generating, or receiving, a report that
graphically displays: 1) the subject’s ApoAl exchange rate 1in
a sample as lower than a control or threshold value, and 1)
the subject’s risk of a major adverse cardiac event (MACE)
and/or cardiovascular disease as being higher than normal.

BACKGROUND

Low levels of HDL-cholesterol (HDL-C) levels are asso-

ciated with prevalent and incident risk for coronary heart
disease, thus HDL-C has been called the “good cholesterol™
(1, 2). However, drug trials targeting HDL-C as well as a
genetic mstrument called mendelian randomization have
called into question whether low HDL 1s causal for MACE
(3-7). As HDL 1s a major player i reverse cholesterol
transport (RCT), the process of removing peripheral cho-
lesterol to the liver for excretion 1nto the bowel, the concept
has emerged that 1t 1s low HDL function, rather than
HDI -cholesterol, that 1s causal for MACE. Indeed, there 1s
a growing literature that one HDL functional assay, the
cholesterol efflux capacity (CEC) of apoB-depleted serum,
1s associated with both prevalent and incident MACE (8-10).
However, the cholesterol efflux capacity assay requires cell
culture and radioactivity, and 1t cannot be performed as a

routine, relativity inexpensive, diagnostic assay.

SUMMARY

Provided herein are compositions, systems, kits, and
methods for performing an apoAl exchange assay to deter-
mine the risk of MACE and/or for conducting an action
based on the assay results. In some embodiments, methods
are provided for generating, or receiving, a report that
graphically displays: 1) the subject’s ApoAl exchange rate 1in
a sample as lower than a control or threshold value, and 11)
the subject’s risk of a major adverse cardiac event (MACE)
and/or cardiovascular disease as being higher than normal.

In some embodiments, provided herein are methods of
determining the ApoAl exchange rate i a sample and
generating a report comprising: a) treating a sample from a
subject to determine the subject’s ApoAl exchange rate; and
b) generating a report (e.g., paper or electronic report) that
graphically displays: 1) the subject’s ApoA1l exchange rate 1n
the sample as: 1) lower than a control value, and/or 11) lower
than a threshold value 01 0.85 (or 1.0, 0.95, 0.9, 0.8, or 0.7);
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2

and 11) the subject’s risk of a major adverse cardiac event
(MACE) and/or cardiovascular disease being higher than
normal.

In certain embodiments, provided herein are methods of
determining the ApoAl exchange rate i a sample and
generating a report comprising: a) contacting a sample from
a subject with a lipid-free apoAl reporter molecule to
determine the subject’s ApoAl exchange rate, wherein the
lipid-free apoAl reporter 1s lipid-sensitive; and b) generat-
ing a report (e.g., paper or electronic report) that graphically
displays: 1) the subject’s ApoAl exchange rate 1n the sample
as: 1) lower than a control value, and/or 1) lower than a
threshold value o1 0.85 (or 1.0, 0.95,0.9, 0.8, or 0.7); and 11)
the subject’s risk of a major adverse cardiac event (MACE)
and/or cardiovascular disease being higher than normal.

In particular embodiments, provided herein are methods
of recerving an ApoAl exchange rate report and performing
an action based thereon comprising: a) receirving a report
(e.g., paper or electronic report) that graphically displays: 1)
a subject’s ApoAl exchange rate 1n a sample as: 1) lower
than a control value, and/or 11) lower than a threshold value
of 0.85 (or 1.0, 0.95, 0.9, 0.8, or 0.7); and 11) the subject’s
risk of a major adverse cardiac event (MACE) and/or
cardiovascular disease being higher than normal; and b)
performing at least one of the following: 1) performing
coronary catheterization on the subject; 11) treating the
subject with a cardiovascular disease (CVD) therapeutic, 111)
prescribing the subject a CVD therapeutic, 1v) performing at
least one additional CVD diagnostic test on the subject, v)
admitting and/or directing the subject to be admitted to a
hospital, and v1) performing a stress test on the subject.

In certain embodiments, the report graphically displays
the subject’s ApoAl exchange rate. In other embodiments,
the report graphically displays the subject’s ApoAl
exchange rate as less than the threshold value. In further
embodiments, the subject’s ApoAl exchange rate 1s pre-
sented 1 a column on the report indicative of being lower
than the threshold value. In some embodiments, the sub-
ject’s ApoAl exchange rate 1s presented 1n a color indicative
of being lower than the threshold value. In additional
embodiments, the report graphically displays the subject’s
ApoAl exchange rate as less than the control value. In
further embodiments, the subject’s ApoAl exchange rate 1s
presented 1 a column indicative of being lower than the
control value. In other embodiments, the subject’s ApoAl
exchange rate 1s presented 1 a color indicative of being
lower than the control value. In particular embodiments, the
control value 1s based on the average ApoAl exchange rate
from a plurality of healthy individuals or a plurality of
individuals without cardiovascular disease.

In some embodiments, provided herein are methods of
detecting the risk of MACE and/or performing an action
based on assay results comprising: a) contacting a sample
from a subject with a lipid-free apoAl reporter molecule to
determine the level of ApoAl exchange rate, wherein said
lipid-free apoAl reporter 1s lipid-sensitive, and b) determin-
ing the risk of MACE, or b) performing at least one of the
following: 1) performing coronary catheterization on the
subject based on finding a low level of apoAl exchange rate
in said sample; 11) treating the subject with a cardiovascular
disease (CVD) therapeutic (e.g., a statin, an ACE 1nhibitor,
an aldosterone 1nhibitor, an angiotensin II receptor blocker,
a beta-blocker, a calcium channel blockers, a cholesterol-
lowering drug, Digoxin, a Diuretic, potassium, magnesium,
a vasodilator, or Warfarin) based on finding a low level of
apoAl exchange 1n said sample, 111) prescribing the subject
a CVD therapeutic based on finding a low level (e.g.,
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compared to a control of a general population and/or a
healthy population) of apoAl exchange 1n said sample, 1v)
performing at least one additional diagnostic test on the
subject based on finding a low level of apoAl exchange 1n
said sample, v) admitting and/or directing the subject to be
admuitted to a hospital based on finding a low level of apoAl
exchange 1n said sample, v1) discharging the subject from a
treatment facility based on finding a high or normal level of
apoAl exchange (e.g., compared to a control of general
population and/or healthy population) in said sample, and
vil) performing a stress test on the subject based on finding
a low level (e.g., compared to a control of a general
population and/or a healthy population) of apoAl exchange
in said sample.

In some embodiments, provided herein are methods of
detecting the risk of MACE and/or performing an action
based on assay results comprising: a) determining the level
of ApoAl exchange rate 1n said sample, and b) performing
at least one of the following: 1) performing coronary cath-
eterization on the subject based on finding a low level (e.g.,
compared to a control of a general population and/or a
healthy population) of apoAl exchange rate 1n said sample;
11) treating the subject with a cardiovascular disease (CVD)
therapeutic (e.g., a statin, an ACE inhibitor, an aldosterone
inhibitor, an angiotensin II receptor blocker, a beta-blocker,
a calcium channel blockers, a cholesterol-lowering drug,
Digoxin, a Diuretic, potassium, magnesium, a vasodilator, or
Wartarin) based on finding a low level (e.g., compared to a
control of a general population and/or a healthy population)
of apoAl exchange in said sample, 1) prescribing the
subject a CVD therapeutic based on finding a low level (e.g.,
compared to a control of a general population and/or a
healthy population) of apoAl exchange 1n said sample, 1v)
performing at least one additional diagnostic test on the
subject based on finding a low level (e.g., compared to a
control of a general population and/or a healthy population)
of apoAl exchange 1n said sample, v) admitting and/or
directing the subject to be admitted to a hospital based on
finding a low level (e.g., compared to a control of a general
population and/or a healthy population) of apoAl exchange
in said sample, vi1) discharging the subject from a treatment
tacility based on finding a high level (e.g., compared to a
control of a general population and/or a healthy population)
of apoAl exchange in said sample, vi1) performing a stress
test on the subject based on finding a low level (e.g.,
compared to a control of a general population and/or a

healthy population) of apoAl exchange in said sample, and
vil) determining the risk of MACE {for said subject. In
particular embodiments, the determining comprising con-
tacting said sample from a subject with a lipid-free apoAl
reporter molecule to determine the level of ApoAl exchange
rate, wherein said lipid-free apoAl reporter 1s lipid-sensi-
tive.

In certain embodiments, the lipid-free apoAl reporter
molecule comprises at least a portion of human ApoAl
protein. In other embodiments, the lipid-free apoAl reporter
molecule 1s fluorescently labeled. In additional embodi-
ments, the lipid-free apoAl reporter molecule only emits a
detectable signal when 1t binds lipid. In some embodiments,
the lipid-free apoAl reporter 1s lipid sensitive. In further
embodiments, the lipid-free apoAl reporter comprises at
least a portion of human ApoAl that is doubly-labeled on
free amines with a lipid sensitive labels (e.g., NBD (n-
trobenzoxadiazole)) whose fluorescence increases 1 a
hydrophobic environment, and a lipid insensitive label (e.g.,
Alexa647 on the lysine residue). In some embodiments, the

5

10

15

20

25

30

35

40

45

50

55

60

65

4

lipid-free apoAl reporter comprises bodipy TMR/Alexa647
ApoAl. In other embodiments, sample 1s serum, plasma, or

whole blood.

DESCRIPTION OF THE

FIGURES

FIG. 1. ApoAl exchange reporter only exchanges into
HDL {fraction in human serum. 100 ug apoAl exchange
reporter was incubated with 100 ul PBS or normal human
serum 1n a total volume of 300 ul at 37° C. for 1 hour, and
100 ul of the product was size fractioned by FPLC using a
Superose 6 (10/300 GL) column and 0.5 ml fractions were
collected. The cholesterol concentration was measured 1n
cach fraction (A), with the LDL-C peak at fraction 17 and
HDL-C peak at fraction 24. The fluorescent intensities of
NBD (excitation 460 nm, emission 540 nm) and Alexa647
(excitation 640 nm, emission 670 nm) were measured 1n
cach fraction for the apoAl exchange reporter incubated
with PBS only (B), or incubated with human serum (C). The
apoAl exchange reporter NBD and Alexa647 fluorescence
peaks were 1n the lipid-iree apoAl fraction 28 1 PBS group.
After apoAl exchange reporter incubation with human
serum, there were NBD fluorescence peak co-migrates with
the HDL-C fraction 24, but not in the LDL-C fraction 17.

FIG. 2. ApoAl exchange reporter does not react with
isolated human LDL. 5 ug apoAl exchange reporter was
added to 85 ul PBS 1 a 96 well dish, then 8 ug 1solated
human LDL or 5 yul human serum was added to different
wells. The plate was put 1nto a spectrophotometer set at 37°
C., with the mntensity of NBD (excitation 460 nm, emission
540 nm) and Alexa64’/ (excitation 640 nm, emission 670
nm) read at 1 min interval for 1 hr. The ratio of NBD/
AlLexa647 was calculated (excluding the non-linear first 10
minutes). Incubation of the apoAl exchange reporter with
LDL did not appreciably increase the NBD/Alexa64'/ ratio
over time.

FIG. 3. Dose responses of human serum and apoAl
exchange reporter 1n apoAl exchange assay. A. ApoAl
exchange rate measured with the condition of 5 ug apoAl
exchange reporter with different indicated volumes of
human serum. B. ApoAl exchange rate measured with 5 ul
human serum with indicated doses of apoAl exchange
reporter. (N=6; mean+SD).

FIG. 4. Freeze-thaw cycles have no eflect on apoAl
exchange rate. ApoAl exchange rate assay was performed
with six control serum samples obtained freshly, and with
the same samples subjected to 1-3 freeze-thaw cycles using
dry 1ce and a 37° C. water bath. The apoAl exchange rate
did not change significantly when samples underwent 1-3
freeze-thaw cycles (N=3; mean+SD; P>0.05 by ANOVA
posttests).

FIG. 5. ApoAl exchange rate 1n diflerent preparations of
plasma and serum. ApoAl exchange rate assay was per-
formed with different sample preparation from the same
control donor, which were heparin plasma, sodium citrate
plasma, EDTA plasma, serum from serum separator tubes,
and serum from the clot activator tube (N=6; mean+SD;
*P<0.05 by ANOVA posttest).

FIG. 6. ApoAl exchange rate 1s temperature dependent.
ApoAl exchange rate assay was performed with 12 control
serum samples at 37° C. or 30° C., and apoAl exchange rate
was faster at 37° C.

FIG. 7. ApoAl exchange rate 1s not inhibited by prior
serum heat mactivation. ApoAl exchange rate assay was
performed with 12 control serum samples unheated or
heated at 56° C. for 1 hour, and apoAl exchange rate was not
inhibited by serum heat 1nactivation.
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FIG. 8. Correlation of apoAl exchange rate to cholesterol
elllux capacity. ApoAl exchange rates were assayed 1n 279

human serum samples from outpatients, and the total cho-
lesterol efllux capacity to the same samples (2% apoB-
depleted serum, v/v) was measured in RAW264.7 cells with
ABCAI1 induction (A). The ABCA1 dependent cholesterol
elllux capacity (B) was calculated as the difference between
total efllux capacity (A) and cells without ABCA1 induction
(C). Correlation of apoAl exchange rate to cholesterol efllux
capacity was analyzed using linear regression, and the best
fit was with the ABCA1 mdependent efllux capacity.

FIG. 9. High apoAl exchange rate i1s associated with
decreased incident MACE. A. ApoAl exchange rates were
assayed 1n 997 serum samples obtained from a Cleveland
Clinic cardiac catheterization cohort with 3 years follow-up.
A Kaplan-Meier plot showed significantly lower MACE
(major adverse cardiovascular events, defined as death,
nontatal myocardial infarction, or nonfatal stroke)-1ree sur-
vival in the high apoAl exchange rate (top 75th percentile)
group vs. the low apoAl exchange rate (bottom 25th per-
centile). B. Forrest plot of the hazard ratios between apoAl
exchange rate and MACE shown for the high apoAl
exchange rate (top 75th percentile) normalized to the low
apoAl exchange rate group (bottom 25th percentile). Mul-
tilogistic regression models included either no adjustments
or different adjustments Adjustment 1 1s for age, sex, smok-
ing, diabetes mellitus, hypertension; adjustment 2 adds
MPO; adjustment 3 adds LDL-C, TG, statin, and aspirin
onto adjustment 2; adjustment 4 adds HDL-C to adjustment
3; and adjustment 5 adds apoAl levels to adjustment 3. The
3% to 95% confidence interval 1s imndicated by line length.

FIG. 10 shows that there are many samples that fall
beneath the line with lower apoAl exchange than expected
vs. HDL-C levels, and these are the individuals who are at
increased risk for future MACE.

DETAILED DESCRIPTION

Provided herein are compositions, systems, kits, and
methods for performing an apoAl exchange assay to deter-
mine the risk of MACE and/or for conducting an action
based on the assay results. In some embodiments, methods
are provided for generating, or receiving, a report that
graphically displays: 1) the subject’s ApoAl exchange rate 1in
a sample as lower than a control or threshold value, and 1)
the subject’s risk of a major adverse cardiac event (MACE)
and/or cardiovascular disease as being higher than normal.

In certain embodiments, ApoAl exchange rate in the
biological sample obtained from the test subject may com-
pared to a control value. In certain embodiments, the sub-
ject’s ApoAl exchange rate 1s normalized to a serum pool
composed of serum from healthy individuals or individuals
without cardiovascular disease (e.g., prior to being com-
pared to a control value).

A control value 1s an ApoAl exchange rate that represents
a known or representative rate. For example, the control
value can be based upon the ApoAl exchange rate in
comparable samples obtained from a reference cohort. In
certain embodiments, the reference cohort 1s the general
population. In certain embodiments, the reference cohort 1s
a select population of human subjects. In certain embodi-
ments, the reference cohort 1s comprised of individuals who
have not previously had any signs or symptoms indicating,
the presence of MACE, atherosclerosis, angina pectoris,
history of an acute adverse cardiovascular event such as a
myocardial infarction or stroke, evidence of atherosclerosis
by diagnostic imaging methods including, but not limited to
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coronary angiography. In certain embodiments, the refer-
ence cohort includes individuals, who 1f examined by a
medical professional would be characterized as free of
symptoms of disease (e.g., cardiovascular disease). In
another example, the reference cohort may be individuals
who are nonsmokers (1.e., individuals who do not smoke
cigarettes or related items such as cigars). A nonsmoker
cohort may have a different normal ApoAl exchange rate
than will a smoking population or the general population.
Accordingly, the control values selected may take into
account the category into which the test subject falls. Appro-
priate categories can be selected with no more than routine
experimentation by those of ordinary skill 1n the art.

The control value can take a variety of forms. The control
value can be a single cut-off value, such as a median or
mean. The control value can be established based upon
comparative groups such as where the risk 1n one defined
group 1s double the risk in another defined group. The
control values can be divided equally (or unequally) into
groups, such as a low risk group, a medium risk group and
a high-risk group, or into quadrants, the lowest quadrant
being individuals with the highest risk, and the other three
quadrants with lower risk, and the test subject’s risk of
having CVD can be based upon which group his or her test
value falls. Control ApoAl exchange rates in biological
samples obtained, such as mean levels, median levels, or
“cut-ofl” levels, may be established by assaying a large
sample of individuals 1n the general population or the select
population and using a statistical model such as the predic-
tive value method for selecting a positivity criterion or
receiver operator characteristic curve that defines optimum
specificity (highest true negative rate) and sensitivity (high-
est true positive rate) as described i Knapp, R. G., and

Miller, M. C. (1992). Clinical Epidemiology and Biostatis-

tics. William and Wilkins, Harual Publishing Co. Malvern,
Pa., which 1s specifically incorporated herein by reference.
A “cutofl” value can be determined for each risk predictor
that 1s assayed.

The ApoAl exchange rate 1n a subject’s biological sample
may be compared to a single control value or to a range of
control values. It the level of ApoAl exchange rate 1n the
test subject’s biological sample is less than the control value
or 1s 1n the lower range of control values, the test subject 1s
at greater risk of developing or having CVD or experiencing
a major adverse cardiac event within the ensuing year, two
years, and/or three years than individuals with levels com-
parable to or above the control value or 1 the higher range
of control values. In contrast, if levels of the present risk
predictor 1n the test subject’s biological sample 1s above the
control value or 1s 1n the higher range of control values, the
test subject 1s at a lower risk of developing or having CVD
or experiencing a major adverse cardiac event within the
ensuing year, two years, and/or three years than individuals
whose levels are comparable to or below the control value
or exceeding or in the lower range of control values. The
extent of the difference between the test subject’s ApoAl
exchange rate and control value 1s also useful for charac-
terizing the extent of the risk and thereby determining which
individuals would most greatly benefit from certain aggres-
sive therapies. In those cases, where the control value ranges
are divided into a plurality of groups, such as the control
value ranges for individuals at high nisk, average risk, and
low risk, the comparison mvolves determining into which
group the test subject’s level of the relevant risk predictor
falls.

In certain embodiments, the subject’s ApoAl exchange
rate 1s compared to a threshold value (e.g., predetermined by
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assessing a population of patients) in order to determine 1f
the subject has or at risk for a major adverse cardiac event

or cardiovascular disease. In some embodiments, the thresh-
old value 1s 1.0 or less. In other embodiments, the threshold
value 1s 0.9 or less; 0.85 or less; 0.8 or less; 0.7 or less, or
0.6 or less. In certain embodiments, the subjects ApoAl
exchange rate 1s normalized to a serum pool composed of
serum from healthy individuals or individuals without car-

diovascular disease (e.g., prior to being compared to the
threshold value).

EXAMPLES

Example 1

It was previously reported a dual fluorescently labeled
apoAl reporter that that measured apoAl lipidation with
liposomes and cultured cells (13). This reporter has one
lipid-sensitive fluorophore (NBD), and one lipid-insensitive
fluorophore (Alexa 647), such that the ratio of fluorescent
emission 1s an 1mdicator of apoAl lipidation, independent of
apoAl concentration.

In this Example, we used this double labeled apoAl
lipidation reporter indicator as a probe to measure the rate of
apoAl exchange into HDL contained within a small volume
of whole serum or plasma. High (top 73th percentile vs.
bottom 25th percentile) apoAl exchange rate was associated
with decreased incident MACE 1n 1000 subjects with an
odds ratio of 0.49 (C.1=0.33-0.71), after adjusting for age,
sex, traditional risk factors, and HDL-C (p=0.0002).
Methods
Human Samples

Human fasting blood was obtained from healthy volun-
teers not taking lipid lowering medication under an IRB
approved protocol. Blood was processed into serum or
plasma fractions. Human serum samples from a Cleveland
Clinic catheterization lab cohort or outpatient cohort were
obtained under an IRB approved protocols. All subjects gave
written informed consent.

ApoAl Exchange Reporter

Human apoAl was purified from HDL as previously
reported. The lipid free apoAl was doubly-labeled on free
amines with NBD (mitrobenzoxadiazole), whose fluores-
cence 1ncreases 1 a hydrophobic environment, and
Alexa647. Human apoAl was dissolved i 0.1M sodium
bicarbonate builer and incubated with a 8:2:1 dye:protein
mole ratio of NBD chloride (Molecular probes, dissolved in
DMSQO) and Alexa 647 carboxlic acid succinimidyl ester
(Molecular Probes, dissolved in DMSO) at for 1 hour at
room temperature. The reaction was stopped by adding 0.1
ml of freshly prepared 1.5M hydroxylamine, pHS.5, and
turther incubation for 1 hour. The conjugate was purified by
extensive dialysis.

ApoAl Exchange Rate Assay

The standard protocol of the apoAl exchange rate (AER)
assay 1s performed by adding 5 ug of the apoAl exchange
reporter to 85 ul of phosphate builered saline (PBS) 1n a 96
well dish. Then 5 ul of a standard pool of human serum, or
5 ul of a test human serum or plasma samples 1s added to
cach well. The plate 1s put 1into a 96 well fluorescent plate
reader set at 37° C., and mixed for 15 seconds. The NBD
(460 nm excitation, 540 nm emission) and Alexa 647 (640
nm excitation, 670 nm emission) fluoresce 1s read at 1
minute ntervals. The apoAl exchange rate 1s calculated by
using linear regression of the NBD/Alexa647 ratio (exclud-
ing the non-linear first 10 minutes). In order to account for
inter assay variance, the apoAl exchange rate of each
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sample 1s normalized by dividing by the mean of the
exchange rate of triplicate samples of the pooled serum
standard.

Results

ApoAl Exchange Reporter Only Exchanges onto HDL 1n
Human Serum.

The apoAl exchange reporter (100 ug) was incubated
with 100 ul human serum for 1 hour at 37° C. 100 ul of the
product was size fractioned by FPLC using a Superose 6
(10/300 GL) column (BioRad). The fluorescence i both
channels was measured 1n each fraction (FIG. 1). Belore
incubation with serum, the apoAl exchange reporter NBD
and Alexa 647 peaks were 1n fraction 28, where lipid-iree
apoAl runs. After incubation with serum, the NBD peak was
in fraction 24, co-migrating with the HDL-C peak, and there
was no peak co-migrating with LDL 1n fraction 17. There
were two Alexa 6477 peaks, one 1n the HDL fraction, and one
in the lipid-free apoAl peak. To confirm that the apoAl
exchange reporter only exchanges into HDL and not LDL,
we 1ncubated 1t with serum or 8 ug protein of 1solated human
LDL using our standard assay conditions. There was negli-
gible increase of the NBD/Alexa 647 ratio with human LDL
vs. serum (FIG. 2).

Characteristics of apoAl Exchange Rate Assay

Dose responses for both the apoAl exchange reporter and
serum were performed (FIG. 3 A. B). The apoA]l exchange
reporter was varied between 2.5 and 20 ug keeping the
serum constant at 5 ul. The reaction rate starts to plateau
above 5 ug apoAl exchange reporter, thus we used 5 ug 1n
our standard assay. 5, 10, or 20 ul of serum was used keeping
the apoAl exchange reporter constant at 5 ug. The highest
rate was observed using 5 ul of serum, which was then used
in our standard assay.

We compared 6 control serum samples from healthy
donor volunteers obtained iresh vs. the same samples sub-
jected to 1-3 cycles of freeze-thaw using dry 1ce and a 37°
water bath. There was no loss of apoAl exchange rate upon
freeze-thaw (FIG. 4).

Using one control donor blood sample, we prepared two
types of serum (red top clot activator Vacutainer tube BD

#367820 or gold top serum separator SST Vacutainer tube
BD #367986) and three types of plasma (EDTA Vacutainer

tube BD #366643, lithtum heparin Vacutainer tube BD
#5014830, and sodium citrate Vacutainer tube BD #369714).
Si1x replicate apoAl exchange rate assays were performed
for each sample (FIG. §), and all samples gave similar rates,
except for the sodium citrate that yielded slightly but sig-
nificantly lower exchange rate by ANOVA (p<t0.05 vs. all
other samples). The apoAl exchange rate coetlicient of
variation for the sextuplet assays varied between 2.41 to
10.14%.

ApoAl exchange rate inter-day coethicient of variations
were calculated using 12 serum samples assayed on 12
different days that yielded a range between 4.58 to 11.76%,
with a mean of 7.52.

To determine if the apoAl exchange rate 1s temperature
dependent we compared rates at 37 and 30° C. for 12 serum
samples, and we observed faster rates at 37° C. (FIG. 6). To
determine 1f apoAl exchange rate was mediated by plasma
enzymes we compared 12 untreated serum with the same
samples after heat-treatment at 56° C. for 1 hour. There was
no eilfect of heat treatment on the apoAl exchange rate (FIG.
7, 12=0.88, slope=0.99).

Correlation of apoAl Exchange Rate with Cholesterol
Efflux Capacity

We obtained 279 human serum samples from an outpa-

tient clinic and assessed cholesterol efflux capacity using
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cholesterol labeled RAW264.7 macrophages. We measured
apoAl exchange rate in these samples and the correlation
coellicient r2 values with total efflux capacity, ABCAI-
dependent efflux capacity, and ABCAI-independent efilux
capacity were 0.29, 0.048, and 0.58, respectively (FIG. 8).
Thus, the apoAl exchange assay best correlates with the
ABCA1-independent efflux acceptor activity.

High apoAl exchange rate 1s associated with decreased
incident major adverse cardiovascular events (defined as
death, nonfatal myocardial infarction, or nonfatal stroke,
MACE) ApoAl exchange rates were assayed 1 997 serum
samples obtained from a Cleveland Clinic cardiac catheter-

ization cohort. We correlated apoAl exchange rates with
total cholesterol, LDL-C, HDL-C, triglycerides, Lp(a), and

apoAl levels (Table 1).

TABLE 1

Correlation of apoAl exchange rate to
blood lipid profiles 1 997
catheterization lab subjects.

r P value
TC 0.085 0.007
[.DL-C 0.044 0.169
HDIL-C 0.582 <(0.0001
TG —0.320 <0.0001
Lp(a) 0.077 0.015
apoAl 0.558 <0.0001

The best correlations were observed for HDL-C and
apoAl (r=0.58 and 0.56, respectively), and an inverse cor-
relation was observed for triglycerides (r=—0.32). MACE-
free survival was followed for 3 years 1n quartiles of apoAl
exchange rates. The lowest quartile the most rapid event
rate, but since the other quartiles did not follow 1n rank order
we divided the sample into low and high apoAl exchange
rate groups (bottom 25th and top 75th percentile, respec-
tively). A Kaplan-Meier plot showed significantly faster
progression to MACE in the low apoA1l exchange rate group
(FIG. 9A, p=0.018). In fact, the difference between these
curves was most pronounced at the earliest time points,
indicating that this assay may be clinically usetul to make

decisions for progressive interventions. We compared Haz-
ard Ratio (HR) for MACE 1n the high vs. low apoAl

exchange rate groups unadjusted, and adjusted for demo-
graphic and cardiovascular risk factors (FIG. 9B, Table 2).

TABLE 2

Hazard ratios (HR) for high vs. low apoAl exchange rate
and MACE after adjustments described 1n the legend

for FI1IG. 9B.
MACE
HR low
exchange HR high
rate exchange rate P value
Unadjusted 1 0.59(0.42- 0.0020
0.82)
Adjustment 1 1 0.53(0.38- 0.0003
0.75)
Adjustment 2 1 0.50(0.34- 0.0002
0.72)
Adjustment 3 1 0.46(0.31- <0.0001
0.67)
Adjustment 4 1 0.49(0.33- 0.0002
0.71)
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TABLE 2-continued

Hazard ratios (HR) for high vs. low apoAl exchange rate
and MACE after adjustments described 1n the legend

for FIG. 9B.
MACE
HR low
exchange HR high
rate exchange rate P value
Adjustment 3 1 0.52(0.36- 0.0012
0.78)
# Events/ 52/249 97/748 (12.9)
subjects (%) (20.9)

There was a significant decrease in HR 1n the unadjusted and
all adjusted models, even after adjustment for HDL-C
(HR=0.49) or apoAl (HR=0.52). Thus, this simple assay
using small volumes of serum can discriminate among
patients most likely to progress with a recurrent cardiovas-
cular event.
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US 12,292,451 B2

11

We claim:
1. A method of detecting lipid-free apoAl reporter mol-
ecules 1n a serum sample from a human subject comprising:

a) contacting a serum sample from a human subject with
lipid-free apoAl reporter molecules,

wherein said serum sample comprises HDL molecules
and LDL molecules,

wherein said lipid-iree apoAl reporter molecules each

comprise at least a portion of human ApoAl that is
labeled with: 1) nitrobenzoxadiazole, a lipid sensitive
label whose fluorescence increases in a hydrophobic
environment, and 11) a lipid insensitive fluorescent
label; and
b) detecting: 1) a first signal from said lipid sensitive label,
and 11) a second signal from said lipid insensitive label,
wherein said lipid-free apoAl reporter molecules
exchange into said HDL molecules 1 said serum
sample at a rate detectable by said first and second
signals together.
2. The method of claim 1, further comprising: generating,
a report that graphically displays said subject’s ApoAl
exchange rate.
3. The method of claim 2, wherein said report graphically

displays said subject’s ApoAl exchange rate as less than
said a threshold value of 0.85.
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4. The method of claim 3, wherein said subject’s ApoAl
exchange rate 1s presented 1n a column indicative of being
lower than said threshold value.

5. The method of claim 3, wherein said subject’s ApoAl
exchange rate 1s presented 1 a color indicative of being
lower than said threshold value.

6. The method of claim 2, wherein said report graphically
displays:

1) said subject’s ApoAl exchange rate 1n said sample as:

1) lower than a control value, and/or 11) lower than a
threshold value of 0.85; and

11) said subject’s risk of a major adverse cardiac event

(MACE) and/or cardiovascular disease being higher
than normal.

7. The method of claim 6, wherein said subject’s ApoAl
exchange rate 1s presented 1n a column indicative of being
lower than said control value.

8. The method of claim 6, wherein said subject’s ApoAl
exchange rate 1s presented 1 a color indicative of being
lower than said control value.

9. The method of claim 6, wherein said control value 1s
based on the average ApoAl exchange rate from a plurality
of healthy individuals or a plurality of individuals without
cardiovascular disease.
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